In recent decades, Pu-er tea, especially the ripe one, has attracted more and more attention, mainly due to its diverse catechin structure [2, 3] and multiple health-promoting effects [4] [5] [6] [7] [8] , as well as its special flavor and taste [9] . To date, more than 30 structures have been reported from Pu-er ripe teas produced in different areas, including two new cinchonain-type compounds, puerins A and B, as well as 8-oxo-caffeine and pyrimidines [3, 10] . In addition, several studies that have analyzed the content of catechins and alkaloids have suggested that flavan-3-ols were very few in Pu-er ripe tea, especially gallate derivatives. Gallic acid and caffeine are generally the main chemical constituents of Pu-er ripe tea [11] . As one of our systematic studies of tea, the current paper reports the isolation of four new phenylpropanoid-substituted flavan-3-ols, namely puerins C-F (1-4), from relatively polar fractions of commercial Pu-er ripe tea, and the determination of their structures by spectroscopic and mass spectrometric methods.
Commercial Pu-er ripe tea powder was ultra-filtered through Biomax 5 K and 50 K Polyethersulfone. The fraction with molecular weight less than 5 K was successively partitioned with chloroform, ethyl acetate, and n-butanol, and the n-butanol-soluble fraction was fractionated by Diaion HP20SS CC. The 40-60% MeOH eluting fraction was further purified by a combination of CC with Toyopearl HW40C, MCI-gel CHP20P, Sephadex LH-20, Toyopearl HW40F, and semi-preparative HPLC to give four new compounds, 1-4. Four known flavan-3-ols (5) (6) (7) (8) were also determined as (+)-catechin (5) [12] , (-)-epicatechin (6) [13] , (±)gallocatechin (7) [14] , and (-)-epigallocatechin (8) [14] , by comparing directly with authentic samples and from their spectroscopic and physical data with literature values. Puerin C (1) was obtained as brown amorphous powder and showed [M-H]as well as [2M-H]ion peaks at m/z 483 and m/z 967, respectively, in the negative-ion ESI-MS. The 1 H and 13 C NMR (DEPT) spectra (Table 1) In addition, the one-proton aromatic singlet at δ H 6.10 (1H, s, H-6) suggested the occurrence of a pentasubstituted A ring, and a two-proton aromatic singlet at δ H 6.38 (2H, s, H-2',6') revealed the presence of a 3,4,5-trihydroxylated B ring. The aforementioned data suggested that 1 should be bearing a 3',4',5',5,7pentahydroxy-flavanol skeleton with substitution at C-8. Further analysis of the 1 H and 13 C NMR (DEPT) spectra revealed an extra set of aromatic protons at δ H 6.74 and 6.46 (each 1H, s, H-6", H-3") attributable to a 1,2,4,5-tetrasubstituted benzene ring, a methine carbon at δ C 31.2 (C-7"), a methylene carbon at δ C 44.9 (C-8"), and a carbonyl carbon at δ C 176.2 (C-9"). The above data indicated the presence of a phenylpropanoid (C 6 -C 3 ) unit with a tetrasubstituted aromatic ring in 1. Extensive comparison of the NMR data of 1 with those of apocynin B, isolated from leaves of Apocynum venetum [15] , suggested that they shared the same gallocatechin skeleton and the phenylpropanoid (C 6 -C 3 ) unit. However, the 1 H and 13 C NMR resonances due to the extra aromatic ring of the phenylpropanoid moiety in 1 were different from those of apocynin B. Instead of the ABX-type aromatic signals of apocynin B, compound 1 displayed signals due to a 1,2,4,5-tetrasubstituted phenyl group. In the HMBC spectrum of 1, correlations of H-7" (δ H 4.49) with C-1" (δ C 116.5)/C-2" (δ C 146.7)/C-6" (δ C 115.7), H-3" (δ H 6.46) with C-1" (δ C 116.5)/C-2"and H-6" (δ H 6.74) with C-7" (δ C 31.2)/C-1"confirmed the location of the 1,2,4,5-tetrasubstituted phenyl unit. Other 2D NMR experiments further confirmed the planar structure of 1, as shown in Fig The relative stereochemistry of 1 was established by the proton coupling constants observed in the NMR and circular dichroism (CD) spectra. The medium values of J 2,3 (6.0 Hz) and J 3,4 (6.5 and 5.0 Hz) of 1 supported trans ordinations for H-2 and H-3 [15] . The CD experiment confirmed the absolute configuration of 1. In the CD spectrum, compound 1 showed a positive sign at 280 nm ([] 280 + 2777) supporting the 2S, 3R-configuration. Flavan-3-ols with a 2S-configuration show a positive Cotton effect at 280 nm, while the 2R-configuration produces a negative Cotton effect at 280 nm [16] . The configuration at C-7" was determined by comparing the [] 233 data with those of apocynins B (7"α: [] 233 + 7590) and C (7"β:
[] 233 -9900) [15] . The [] 233 value of 1 was + 26713, which is similar to that of apocynin B, allowing unambiguously the assignment of the absolute configuration of 1 as 2S,3R,7"R. Based on the above evidence, the structure of puerin C (1) was determined to be (+)-gallocatechin-[8,7-e]-4α-(2,4,5-tri-hydroxyphenyl)dihydro-2(3H)-pyranone.
Puerin D (2) was obtained as brown amorphous powder and showed ]. Furthermore, the NMR spectra of 2 also showed a 1,2,4,5-tetrasubstituted phenylpropanoid moiety at δ H 6.69 and 6.45 (each 1H, s, H-6", H-3"), and δ C 31.2 (C-7"), 44.6 (C-8"), and 176.2 (C-9")]. The aforementioned NMR data resembled those of compound 1. However, the very small differences in the chemical shifts at C-2, C-3, and C-4 ( Table  1 ) of 2 with those of 1 indicated that 2 should be the isomer of 1. The planar structure of 2 was further confirmed by the HMBC spectrum (Fig. 2) . As in the case of 1, the relative configurations of 2 at C-2 and C-3 were concluded to be 2,3-trans by the medium values of J 2,3 (7.0 Hz) and J 3,4 (7. The present study reported the purification and characterization of four new compounds, puerins C-F (1-4), bearing a phenylpropanoid moiety at C-8, which are similar to cinchonains [13] and apocynins [15] . Their absolute configurations were established by J values in 1 H NMR, ROESY correlations and CD spectra. Puerins C-F (1-4) were isolated for the first time from the tea and a Theaceae plant. Compared with green tea, oolong tea and black tea, the content of EGCG and ECG in Pu-er ripe tea was remarkably decreased during the post-fermentation process. At the same time, several catechin derivatives, such as puerins A and B [3] , C-F (1-4), and cinchonains [3] could be formed from the related catechin precusors. This work provides information on trace flavan-3-ol derivatives in Pu-er ripe tea. Phenylpropanoid-substituted flavan-3-ols from Camellia sinensis Natural Product Communications Vol. 9 (8) 2014 1169 
Experimental
General: Optical rotations were measured on a P-1020 Polari meter (JASCO, Tokyo, Japan). UV spectra were obtained on a 210A double-beam spectrophotometer (Shimadzu, Kyoto, Japan). CD spectra were measured on a Chirascan spectropolarimeter, using 1mm cell. 1 
Extraction and isolation:
Commercial Pu-er ripe tea powder (2 kg), purchased in Puer County, Yunnan Province, China, was dissolved in water (100 L) and then centrifuged (TDL-5-A) at 5400 rpm for 10 min. The aqueous layer was ultra-filtered successively through Biomax 5 K and 50 K Polyethersulfone to give 3 fractions, with molecular weights of more than 50 K (440 g), between 50 K and 5 K (540 g), and less than 5 K (840 g). The fraction of less than 5 K (840 g) was suspended in water and then successively partitioned with chloroform, ethyl acetate, and n-butanol, to yield CHCl 3 (130 g), EtOAc (60 g), n-BuOH (120 g) and H 2 O (490 g) sub-fractions, respectively. The n-butanol-soluble fraction (120 g) was applied to a Diaion HP20SS column and eluted with H 2 O containing increasing proportions of MeOH to give 5 fractions (Fr. 1-5). Fr. 3 obtained by elution with 40-60% MeOH, was shown to contain (+)-catechin (5), (-)-epicatechin (6), (±)-gallocatechin (7) , and (-)epigallocatechin (8) 
